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On behalf of Tierra Solutions, Inc. (Tierra), Arcadis U.S., Inc. (Arcadis) will prepare a Draft Baseline
Ecological Risk Assessment Report (Draft BERA Report) for the Newark Bay Study Area (NBSA) in 2017
as part of the ongoing remedial investigation (Rl)/feasibility study (FS) process pursuant to the
Administrative Order on Consent, United States Environmental Protection Agency (USEPA) Index No.
CERCLA-02-2004-2010. The baseline ecological risk assessment (BERA), initiated in 2011, is being
conducted in a stepwise process under the RI/FS, as described below. This memorandum describes the
systematic approach and data analysis methods that will be used to conduct the sediment quality triad
(SQT) assessment for the NBSA in support of the risk characterization for benthic invertebrates in the
NBSA BERA.

1. BACKGROUND

The NBSA BERA process began with a 2-day workshop hosted by the USEPA Region 2 in Edison, New
Jersey on June 28 and 29, 2011. Representatives from the USEPA and its consultants, Tierra and its
consultants, and various federal and state regulatory agencies participated in the workshop. The workshop
outcome is summarized in meeting minutes/notes developed by Tierra (2011) and approved by the
USEPA.

Following the workshop, Tierra produced the Problem Formulation Document (PFD; Tierra 2013). The
goal of the PFD (Tierra 2013) was to “establish the overall goals, breadth, and focus of the baseline
ecological and human health risk assessments and to define the questions that need to be addressed
during these evaluations.” From an ecological risk standpoint, the objectives ofthe PFD (Tierra 2013}
were to:
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¢ Compile and summarize the relevantavailable information (at the time) for the NBSA
* Develop an ecological conceptual site model for the NBSA

¢ Conduct a conservative screeninglevel ecological risk assessmentto determine which chemical
constituents would likely be evaluated in the BERA

* Selectreceptors for the BERA and develop risk questions, assessment endpoints (AEs), and
measurement endpoints (MEs) for these receptors.

Following completion of the PFD (Tierra 2013), Tierra and the USEPA determined the data needs and
scopes of work for data collection for the BERA. As part of this process, Tierra conducted an ecological
field reconnaissance of the NBSA (Tierra 2015a) to refine the understanding of the habitats and potential
ecological receptor use of the NBSA environs, as well as to help select appropriate sampling locations for
the BERA data collections.

The data needs for the BERA and basis for sampling (sample type, numbers, and locations) are
summarized in a risk assessment scoping memorandum (Tierra 2015b) that was developed in aniterative
manner by Tierra and the USEPA between 2013 and 2015. The scoping memorandum (Tierra 2015b)
contains an updated version of the original table of the AEs and MEs for the NBSA BERAfrom the PFD
(Tierra 2013).

The BERA sampling program was implemented in stages between 2014 and 2016 and is now complete. It
included three primary sampling programs:

1. Clam, crab, and co-located surface sediment sampling

2. Sediment quality triad (SQT; synoptic data on surface sediment chemistry, sediment toxicity, benthic
communities, and invertebrate bioaccumulation) and porewater sampling

3. Fish tissue and community sampling.

The specific sampling programs are described in a series of Quality Assurance Project Plans (Tierra
2014a, 2014b, 2015c). The field investigation and data results from the BERA sampling are summarized in
a series of draft reports:

¢ Clam and crab field investigationand data reports (Tierra 2016a,2016b)
¢ SQT and porewater field investigationand data reports (Tierra 2016¢,2016d)

* Fishfield investigationand data reports(Tierra 20163, 2016e).

These BERA datasets, in conjunction with the sediment chemistry data from Phases | and Il of the Rl and
data presently being coliected under Phase Il of the RI, will constitute the site -specific data to be used to
conduct the risk assessments (i.e., both ecological and human health).

2. OBJECTIVES AND APPROACH

This memorandum describes the systematic approach and data analysis methods that will be used to
evaluate the sediment and porewater chemistry data, sediment toxicity data (i.e., L. plumulosus bioassay
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results), benthic invertebrate community (BIC) data, and bioaccumulation data (N. virens bioaccumulation
test results) collected as described and reported by Tierra (2015¢, 2016¢, 2016d). Collectively, the
analysis of these datasets constitutes the SQT assessment that, in conjunction with the tissue-based
exposure/effects assessment to be conducted for infaunal invertebrates and epibenthic clam and crab
data, will constitute the risk assessment for benthic invertebrates in the NBSA BERA. The latter
assessment will be described in a technical memorandum being developed by Arcadis that describes the
preliminary exposure factors and toxicity reference values (TRVs) that will be used for the tissue-based
risk characterization in the BERA.

A major influence on the analysis of the SQT data for the LPRRP was the data analysis methods imposed
on the Cooperating Parties Group (CPG) by the USEPA and described in the following documents:

* [ower PassaicRiver Study AreaRevised Baseline Ecological Risk Assessmeni{Windward 2016)
*  SQT Statistical Guidance Technical Memorandum{USEPA and Battelle 2015)

* Final Comment 71 to he Draft BERA (re. Sediment Quality Triad Methodologyprepared by USEPA
(USEPA 2015).

These methods were incorporated in the current plan for analysis. The SQT methodology (USEPA 2015)
was incorporated as closely as possible with a few exceptions related to differences in data collection.
Specifically, the toxicity scoring was adapted as appropriate given the differences in the organism tested
and the measured endpoints and the sediment chemistry scoring was revised to include the porewater
component with equal weighting. The statistical guidance (USEPA and Battelle 2015) provided a basis for
the methods proposed for the statistical evaluation.

The SQT and porewater data were collected from 30 stations in Newark Bay in 2015. At each station,
samples were collected for analysis of surface sediment chemistry, surface sediment porewater chemistry,
sediment toxicity testing (i.e., L. plumulosus laboratory bioassay), and BIC taxonomy. The following steps
will be followed in the analysis of these data:

1. Data reduction will be conducted to develop a list of chemicals that may be impacting benthic
invertebrate communities in the NBSA (Section 3).

2. An SQT evaluation—an objective method of comparing sediment chemistry concentrations, sediment
toxicity endpoints, and BIC metrics to screening, control, or reference values—will be conducted to
categorize each sampling station with respect to the degree of potential impact (Section 4).

3. Statistical modeling, including univariate and multivariate analyses, will be conducted to evaluate the
association of sediment and porewater chemistry with effects measures (i.e., toxicity endpoints and
BIC metrics) (Section 5).

Sediment from eight of the SQT stations were also selected for a laboratory bicaccumulation study with
the polychaete, N. virens. The data from this study will be evaluated using linear regression to quantify a
predictive relationship between sediment and tissue concentrations, where found.

Each of the aforementioned steps/evaluations are described in detail below.
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3.

DATA REDUCTION METHODS

3.1 Chemistry Data

Sediment chemistry, reported on a dry weight (dw) basis, will be used in the statistical and SQT
evaluations. Normalization to total organic carbon (TOC) may be used in the statistical evaluation for
organic chemicals if it better describes associations with effects or bioaccumulation. TOC-normalized
values are calculated by dividing the dw concentrations by the fraction of TOC in the sample.

An ex-situ porewater passive sampler study was conducted on sediment samples collected from the 30
SQT stations to measure concentrations of a subset of chemicals. Measured concentrations within the
sampler extracts were converted to equilibrium concentrations as described in the Sediment Quality Triad
and Porewater Data Report (Tierra 2016d). These calculated porewater equilibrium concentrations will be
used in the evaluations. Polychaete (N. virens) tissue chemistry data, reported on a wet weight (ww) basis,
will be used for bioaccumulation modeling. Lipid normalization may be used if it better explains the
relationship to sediment chemistry. Lipid-normalized values are calculated by dividing the ww
concentrations by the fraction of lipids in the sample.

Sediment toxicity endpoints and BIC data will be used in the statistical evaluations to examine
associations with sediment chemistry, and in the SQT scoring evaluation. Data handling and reduction
methods for the BIC and sediment toxicity datasets are described below.

3.2 Benthic Invertebrate Community Data Reduction

Benthic invertebrate communities were characterized by identifying and enumerating the benthic
invertebrates from sediment grab samples (three replicates per station) coliected at the 30 SQT stations.
The BIC samples were identified to the lowest practicable taxonomic level, in a manner consistent with
other surveys performed in the New York/New Jersey (NY/NJ) Harbor Estuary (Weisberg et al. 1998). The
following five standardized BIC metrics were calculated as described and presented in the Sediment
Quality Triad and Porewater Data Report (Tierra 2016d):

1. Abundance per square meter (m2)

2. Richness (i.e., number of species)

3. Shannon-Weiner diversity index (Shannon 1948)
4. Pielou’s evenness index (Pielou 1966)

5. Swartz's dominance index (Swartz et al. 1985).

In addition, a multimetric benthic index of biotic integrity (B-IBl) was calculated using a method derived for
the saline portions of the NY/NJ Harbor Estuary (Weisberg et al. 1998). Threshold values of the B-IBI for
the classification of impacts are as follows: 1 to <2 = impacted, 2 to <3 = slightly impacted, and 310 5 =
unimpacted (Weisberg et al. 1998). These six BIC metrics will be used in both the statistical evaluation
and the SQT evaluation.
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3.3 Sediment Toxicity Endpoints and Data Reduction

Ten-day acute and 28-day chronic toxicity tests were conducted on sediment from each of the 30 SQT
stations using the amphipod L. plumulosus as described in the Sediment Quality Triad and Porewater
Data Report (Tierra 2016d) and in accordance with appropriate USEPA guidance (USEPA 1994, 2001).
The following endpoints were measured for each sample:

1. 10-day survival

2. 28-day survival

3. Growth rate (milligrams per organism per day) at Day 28
4. Reproduction (young per surviving adult) at Day 28.

Response data from each sediment sample were compared to laboratory control response data to
determine if the sample response was statistically significantly different from control response (Tierra
2016d) using the program ToxCalc V 5.0.23". For the SQT evaluation, response data will be converted to
control-normalized response by dividing the observed response in the sample by the observed response
in the control sample for each endpoint.

4. SEDIMENT QUALITY TRIAD EVALUATION

An SQT approach will be used to classify each of the 30 SQT stations with respect to degree ofpotential
impact. Three categories (i.e., the triad) will be evaluated: BIC structure, sediment toxicity, and sediment
chemistry. Each category will have equal weighting in the evaluation and will be assigned a score ranging
from 0 to 1 (most impacted). The scores for each category will be summed (maximum possible score = 3)
and the final score will be used to categorize the station with respect to degree ofimpact (Table 1). This
methodology is consistent with the LPRSA BERA evaluation (Windward 2016) as directed by the USEPA
(comment 71, USEPA 2015). The following subsections discuss how the scoring will be conducted within
each of the three categories.

4.1 Benthic Invertebrate Community

The BIC will be evaluated using the reference envelope approach suggested by USEPA (2015).The five
standardized benthic community metrics (abundance per m?, richness [i.e., number of species], Shannon-
Weiner diversity index, Pielou’s evenness index, and Swartz’s dominance index) are expected {o decline
in value as a result of physical and/or chemical degradation. Therefore, these values will be compared to
the 5" percentile of the reference distribution. BIC metrics that are equal to or greater than the 50
percentile of the reference distribution will be considered comparable to reference and not impacted. BIC
metrics that are less than the 5 percentile of the reference distribution will be considered impacted. The
reference site chosen for this evaluation is the Jamaica Bay Estuary, New York, from which SQT data

" The ToxCalc software tests the distribution of the response data (represented by response data from each of the five
replicate beakers) and selects the appropriate parametric or non-parametric hypothesis test to compare the sample
mean to the laboratory control mean. A resulting p-value less than 0.05 indicates that the sample mean is statistically
significantly different than the laboratory control.
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were collected under the REMAP program (USEPA 2003). Jamaica Bay is physically similar to the open
water habitats of the NBSA and a sediment screening evaluation of this dataset was conducted for the
LPRSA BERA (Windward 2016) as requested by the USEPA (2015). The Jamaica Bay sediment
chemistry data were compared to effects range-low (ERL) and effects range-median (ERM) values (Long
and Morgan 1990). Acceptable Jamaica Bay reference locations had three or fewer exceedances of ERLs
and no exceedances of ERMs across all chemicals for which those sediment guidelines were available In
addition to meeting the chemical criteria, acceptable reference locations in Jamaica Bay were required to
meet sediment toxicity criteria. Specifically, A. abdita survival results at Jamaica Bay reference locations
were required to be = 80 percent of the respective negative control response. The screening evaluation
left a total of 25 samples from Jamaica Bay suitable for use as reference data. Table 2 presents summary
statistics for the benthic metrics and the 5" percentile of the Jamaica Bay data to which the Newark Bay
BIC metrics will be compared.

The value of the sixth metric, B-IBI, will be evaluated according to Weisberg et al. (1998) with respect to
degree of impact. Each metric will be weighted equally (0.167) and the weights will be multiplied by the
score, such that the maximum possible score for the BIC is 1, representing the greatest impact.

Each of the six BIC metrics will be evaluated as described above and scored from 0 (no impact) {0 1
(impact). Each score will be equally weighted (0.167) so that the maximum possible score for this category
is 1 (Table 1). For the five standardized BIC metrics, a score of 1 will be assigned if the value is less than
the 51 percentile of reference data (Table 1); otherwise, a score of 0 will be assigned. The B-IBI will be
scored based on the value of the index and according to the categories suggested by the authors
(Weisberg et al. 1998). Unimpacted (B-IBI>3) stations will receive a score of 0. Slightly impacted (2<B-
IBI<3) stations will receive a score of 0.5. Impacted (B-1BI<2) stations will receive a score of 1.

4.2 Sediment Toxicity

The sediment toxicity data comprise survival and sublethal (i.e., growth and reproduction) endpoints.
Criteria for assigning toxicity are well established for the survival endpoints but not for the sublethal
endpoints. Criteria used for the REMAP program (USEPA 2003) defined samples as toxic if the 10-day
control-normalized percent survival was less than 80 percent and highly toxic if it was less than 60
percent. The 80 percent decision criterion is consistent with the criterion in the testing manual for
discharge to U.S. waters (USEPA and U.S. Army Corps of Engineers [USACE] 1998) and was also
suggested by Kennedy et al. (2009) for 28-day toxicity tests. Therefore, these criteria will be adopted to
define toxicity of sediments from the NBSA based on the survival endpoints.

The sublethal endpoints are subject to considerable response variability compared to the survival
endpoints. Eickhoff et al. (2014) subjected five control sediments to 28-day tests with L. plumulosus and
found little variation in survival among the five control samples, which ranged from 96 to 99 percent.
Within-batch replicate variance was also low for survival, with a mean coefficient of variation (CV) of 5.6
percent. However, growth and reproduction endpoints were more variable both among control samples
and within batch replicates. Mean growth in control samples ranged from 0.7 to 1.8 milligrams per
organism and the mean CV among replicates was 30 percent. Reproduction had a 10-fold range within
control sediments (0.8 to 8.4 juveniles per surviving adult) and the mean CV among replicates was 79
percent. Kennedy et al. (2009) found significant variability in control sediment for growth (CV = 56 percent)
and reproduction (CV = 63 percent), as well as significant variability in an interlaboratory comparison of
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the growth and reproduction endpoints. L. plumulosus reproduction is known to be highly dependent on
grain size (McDonald et al. 2010). This fact was illustrated in Kennedy et al. (2009) where it was found that
a clean reference sample, which was relatively coarse-grained, had a very low response for the
reproductive endpoint compared to the control (i.e., less than 10% of the control response). Based on the
typical criteria used to define toxicity for survival endpoints (i.e., less than 80% of the control response) the
clean reference sample would be classified as toxic based on the reproductive endpoint.

Given the large variability that can occur among control sediments for these sublethal endpoints and
because there are no established control acceptability criteria for these sublethal endpoints, a simple
statistical comparison to control sediment cannot be used to judge a sediment sample as toxic. Further,
high variability makes default application of decision criteria (e.g., 20 percent reduction compared to
control) inappropriate (McDonald et al. 2010). Therefore, for the SQT evaluation, it is proposed that toxicity
based on sublethal endpoints will be determined if the sample response is statistically significantly
different from control and less than 70 percent of control response. The sample will be presumed highly
toxic if it is statistically significantly different from control and less than 50 percent of control response.

Scoring for the four sediment toxicity endpoints will be 0 for no impact, 0.5 for toxic samples, and 1 for
highly toxic samples as described above and summarized in Table 1.

4.3 Sediment Chemistry

Sediment chemistry was measured in two ways: whole sediment concentrations and porewater
concentrations. Each of these measures will be evaluated and given equal weighting (0.5) for this category
(Table 1).

4.3.1 Whole Sediment Chemistry

Whole sediment concentrations will be compared to toxicity thresholds associated with predicted toxicity to
amphipods (USEPA 2005). Chemical concentrations corresponding to a 20, 50, and 80 percent probability
of observing sediment toxicity, defined as T20, T50, and T80, respectively, were developed for 37
chemicals using logistic regression modeling and a large database of sediment chemistry and toxicity data
for marine amphipods from North American locations (USEPA 2005). The T20 and T50 values will be
used to score the sediment concentration data (Table 1) from each station as described by the USEPA
(2015) and as implemented in the LPRSA BERA (Windward 2016) as follows:

* [fa sample does not exceed a T20 for any of the 37 chemicalsthe score will be 0 (no impac}.

* [f a sample exceeds the T20for any of the 37 chemicalsbut is less than or equal to the T50for all
chemicals, the sample will receive a score of 0.5.

* [f a sample exceeds the T50 for any of the 37 chemicalgsit will receive a score of 1

The T20 and T50 values are provided in Table 3. While not currently proposed for use in scoring the
sediment chemistry concentrations, the T80 values are also provided in Table 3 for reference. The CPG
conducted a reliability analysis of the T50 exceedance criterion for the LPRSA (Windward 2016) and found
that the T50 had low specificity (i.e., high false positive rate) for predicting toxicity. The reliability of all
three of these thresholds to correctly predict toxicity in the NBSA (i.e., T20, T50, and T80) will be
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evaluated. If the T20 and T50 values are found to over- or under-predict the observed toxicity in the
NBSA, an alternative scoring scheme for the NBSA sediment chemistry data may be proposed.

4.3.2 Porewater Chemistry

Porewater concentrations will be compared to the New Jersey Surface Water Quality Standards presented
in the New Jersey Administrative Code, re-adopted October 17, 2016 (N.J.A.C. 7:9B), for the protection of
aquatic life in saline waters and/or the USEPA aquatic ambient water quality criteria (AWQC) developed
pursuant to Section 304(a) of the Clean Water Act. The New Jersey criteria will take precedence over the
federal criteria. Federal criteria will be used where specific criteria have not been adopted by New Jersey.
If the porewater concentration does not exceed any of the chronic criteria for the protection of aquatic life
in saline waters, the sample will be given a score of 0. If the porewater concentration exceeds the acute
criteria for the protection of aquatic life in saline waters, the sample will be given a score of 1. If chronic
criteria are exceeded and acute criteria are not exceeded, the sample will be given a score of 0.5 (Table

1).

4.4 Sediment Quality Triad Categorization

The scores assigned to each metric will be multiplied by the assigned weight (Table 1), resulting in a
maximum score of 1 for each category and a maximum score of 3 for each station. Each station will be
classified as described by USEPA (2015) based on the total SQT score:

¢ Noimpact <0.75
¢ Lowimpact >0.75 and<1.5
¢ Mediumimpact>1.5 and<2.25

¢ Highimpact>2.25.

5. STATISTICAL EVALUATION OF SEDIMENT CHEMISTRY
ND EFFECTS MEASURES

This section describes the statistical methods to be used to evaluate the association of sediment
chemistry, both whole sediment concentrations and porewater concentrations, and measures of effects.
The effects measures to be evaluated are the four L. plumulosus toxicity endpoints (10-day survival, 28-
day survival, growth rate, and reproduction) and the six BIC metrics (abundance, richness, Shannon
Weiner diversity index, Pielou’s evenness index, Swartz's dominance index, and B-IBI). In addition to
chemical concentrations, physical parameters and characteristics of the sediment will also be evaluated
(e.g., grain size, TOC, pH, acid volatile sulfide/simultaneously extracted metals, and habitat [intertidal vs.
subtidal]). Community ordination techniques may be employed to better understand the effect of sediment
chemistry concentrations on community structure. The goal of this evaluation will be to determine the role
of chemical stressors on the benthic invertebrate community and {o determine which chemicals are most
associated with effects. If strong correlations are found with specific chemicals, site specific toxicity
thresholds will be developed. The approach is summarized in Figure 1 and described in more detail in the
following.
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5.1 Univariate Analysis

A Spearman correlation matrix of effects measures vs. chemical (sediment and porewater) and physical
parameters will be prepared and the correlation coefficients (cc) and associated p-values will be reported.
All detected chemicals will be evaluated and the p-values will not be adjusted in any way (e.g., to reduce
the Type | error rate). As described in the SQT QAPP (Tierra 2015c¢) the sample size for the SQT program
was designed to detect a significant cc when the true cc is 0.5 or greater, with 95% confidence and 80%
power. For a sample size of 30, any cc greater than 0.3 will be statistically significant.

Any chemical for which the cc exceeds 0.3 for L. plumulosus survival and/or at least two effects measures
will be considered for additional consideration in multivariate analyses. It is possible that many chemicals
will be correlated fo at least two or more effects measures. Therefore, a screening process will be
conducted in which chemical concentrations are compared to screening criteria. For sediment
concentrations, if all samples are below the T20 threshold (USEPA 2005), the chemical will be excluded
from further evaluation. For porewater concentrations, if all samples are below the chronic criteria for the
protection of aquatic life in saline waters, the chemical will be excluded from further evaluation. The
remaining chemicals will be carried forward in multivariate analyses.

All toxicity endpoints and BIC metrics that are correlated with at least one chemical will also move forward
in multivariate analyses.

5.2 Multivariate Analysis

5.2.1 General Linear Models

Generalized linear models (Nelder and Wedderburn 1972) will be used to further evaluate relationships
between chemical and physical parameters and a subset of effects measures to be determined based on
the outcome of the univariate analysis. Generalized linear models have the form:

aly) =X + &
where:
yi is the response variable for the jth observation
X; is a vector of j covariates or explanatory variables for observation /
B is a vector of unknown coefficients to be estimated by a least squares fit to the datay..
& are assumed to be independent, normal random variables with zero mean and constant variance.

g(y;) is a link function of the response variable used to meet the assumptions of the error variance
and/or to map the range of the response variable onto the range of the linear equation ¢, «).

The expected value of y;, denoted by u; is:
g(u) =xB

The response variables, y, to be evaluated are the toxicity and benthic metrics. The explanatory variables,
X, are the chemical and physical parameters that are to be carried forward following the chemical
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screening process described above and may also be subject {0 transformation (e.g., logarithm
transformation) to meet the assumptions of the error variance.

For continuous response variables, a traditional linear model will be evaluated where g(u) = ui(i.e.,
identity function). For binary response variables, such as survival, a logistic regression model will be
evaluated where g(uy) = log(ui(1 - uy).

5.2.2 Multicollinearity and Principal Component Analysis

If one or more explanatory variables are nearly linear combinations of others in the model (.e., are highly
correlated), the estimated coefficients (8) of the linear models are unstable and have high standard errors.
This is quite likely for the set of physical and chemical parameters being evaluated in the NBSA dataset. If
this is found to be the case, a principal component analysis (PCA) will be conducted with the set of
explanatory variables (Morrison 1976).

The objective of PCA is to reduce the dimensionality of a dataset with a large number of correlated
variables (e.g., chemical parameters). This reduction is achieved by transforming the data using matrix
algebra to a new set of uncorrelated reference variables known as principal components (PCs), which are
linear combinations of the original variables. PCs are sorted such that each, in turn, represents a smaller
percentage of the variance within the dataset. The PCA will be conducted on a correlation matrix of the
explanatory variables (i.e., normal standardization). PCA is subject to similar assumptions as linear
modeling in that the residuals must be independent, normal random variables with zero mean and
constant variance. Therefore, a log transformation of the variables may be conducted prior to data
standardization.

Ideally, the multivariate structure will be largely and adequately explained by two or three PCs and each
chemical will be highly correlated with a single PC, which aids in interpretation of the PCs. However, if this
is not the case, an orthogonal rotation of the PCs (known as varimax rotation) will be used to create
principal “factors” that are more easily interpreted. The goal of varimax rotation is to create factors to
which variables are either highly correlated or highly uncorrelated. The resulting PCs or factors from this
analysis can then be used in place of the original variables in the multivariate models described above. If
the PCs or factors are found to be associated with effects, then the variables that are correlated with that
PC or factor can be assumed to be associated with the effect; although it may not be possible to isolate a
single chemical if it is more toxic than those with which it is correlated. Therefore, the outcome of the
analysis may identify mixtures, not individual chemicals, that are associated with effects.

5.2.3 Community Ordination

Benthic metrics are useful indicators of BIC health, but some information is lost with the data reduction.
Therefore, the BIC data may also be evaluated using community ordination. Ordination refers to a variety
of techniques used to arrange benthic samples in relation to one or more coordinate axes and to each
other to provide information about their ecological similarities. Community abundance data coliected over
environmental gradients are typically non-linear and are better suited to non-linear methods of analysis
such as non-metric multidimensional scaling (NMDS) of a Bray-Curtis dissimilarity matrix (Ludwig and
Reynolds 1988). Like PCA, NMDS is a method used to reduce the dimensionality of the community data,
the result of which is that each benthic sample can be scored in the new smaller coordinate space. These
scores can be plotted on graphs where samples near each other are judged more similar than those
further away on the graph. Spatial patterns may be discernable if the BIC varies based on geographic or
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geomorphic location. The resulting dimensions can be regressed against other variables such as
individual chemicals, PCs, or factors o evaluate effects of stressors on changes in community structure.

5.2.4 Goodness of Fit Testing

Traditional multivariate linear models will be evaluated in a stepwise fashion and variables that are not
significant (Wald test) or that do not add additional information or improve the adjusted coefficient of
determination (R?) value will be removed from the model.

Logistic regression models will be evaluated based on the adjusted R? proposed by Nagelkerke (1991).

5.3 Site-Specific Toxicity Threshold Modeling

If specific chemicals exhibit a strong correlation to toxicity endpoints, site-specific dose response modeling
will be conducted. The model form will be selected as appropriate to the endpoint and could include: linear
regression, logistic regression (survival), or a three-parameter non-linear log logistic model. The last is
useful for control-adjusted endpoints that may not be constrained {0 a maximum of 1 as is the case with
logistic regression. The three-parameter non-linear log logistic model has the following form:

Y = Ymax/[1+(x/EC50)siope]

where:
y = response value (percent of control response)
Ymax = regression-fitted maximum response (percent of control)
X = chemical concentration in sediment or porewater
EC50 = 50 percent effect concentration of the chemical being evaluated
slope = slope of the relationship.

Using the fitted models, the concentration at which the dose response curve is less than a prescribed
percentage of the control response can be selected as a threshold effect level.

5.4 Bioaccumulation Modeling

A Pearson correlation matrix of log transformed sediment and polychaete tissue chemical concentrations
will be prepared for all chemicals that were detected in the polychaete tissue. For any chemical in which
the cc exceeds 0.7, a linear regression equation will be developed that describes the relationship and can
be used to predict tissue concentrations based on other sediment data in the NBSA. TOC normalization
and lipid normalization will be applied if found to reduce the error variance of the predictive models. The
results of the polychaete tissue analysis will be used, in conjunction with the epibenthic clam and crab
tissue data, to conduct the tissue-based exposure-risk evaluation under the BERA. This process will be
described in the technical memorandum on the preliminary exposure factors and TRVs being developed
for the NBSA by Arcadis.
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6. SUMMARY

This memorandum summarizes the systematic and step-wise process that will be used to conduct the
SQT assessment for the NBSA. This SQT represents a substantial portion of the risk characterization for
benthic invertebrates for the NBSA BERA. The methods used are based on standard guidance and
practice (e.g., USEPA 1994, 2001) and are consistent as possible with the SQT conducted for the LPRRP
by the CPG (Windward 2016) in consultation with USEPA. The goal of the SQT assessment s to
categorize levels of potential impact in various areas of the NBSA, and to quantify any exposureresponse
relationships between chemical contaminants in surface sediments and/or sediment porewater and toxicity
endpoints and BIC metrics. A detailed SQT assessment will be prepared as an appendix to the NBSA
BERA report, and the results will be incorporated into the risk characterization.
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Table 1. SQT Scorin

Abundance (per m?)

Richness

0.167

Shannon-Weiner diversity index

0.167

Pielou’s evenness index

0.167

Swartz's dominance index

0.167

0 = Within reference envelope (>5"
percentile of Jamaica Bay reference
dataset)

1 = QOutside reference envelope (<5®
percentile of Jamaica Bay reference
dataset)

B-1Bl score

0.167

0 = unimpacted (B-I1BI>3); 0.5 = slightly
impacted (2<B-IBi<3); 1 = impacted (B-
IBI<2)

10-day survival

0.25

28-day survival

0.25

0 = control-normalized survival >80%
and/or not significantly different from
controf

0.5 = control-normalized survival <80%
and >60% and significantly different from
controf

1 = control-normalized survival <60% and
significantly different from control

Growth rate

0.25

Reproduction

0.25

0 = control-normalized response >70% or
not significantly different from control

0.5 = control-normalized response <70%
and >50% and significantly different from
control

1 = control-normalized response <50%
and significantly different from control

Sediment concentration’

0.5

0=<T20; 0.5 =>T20 and <T50; 1 = >T50

Porewater concentration?
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Table 2. Benthic Invertebrate Community Metrics in the Jamaica Bay Estuary Reference Dataset
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Table 3. Threshold Values to be used for the Scoring of Sediment Concentrations at SQT Stations
in the NBSA
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Notes: Tp values reported in UEPA 2005 (Table 11). The notation Tp (e.g., T50) is used to denote
the concentration at which ‘p” percent of samples are expected to be toxic (e.g., the probability
that 50% of the samples would be toxic).
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survival or at least two other effects meftrics?

Is the parameter significantly correlated (cc > 0.3) with L. plumulosus No

\

Exclude parameter from multivariate analysis.

Yes |

No Exclude the sediment chemical from

Does the maximum sediment chemical concentration exceed the T207?

Yes |

Does the maximum porewater chemical concentration exceed the chronic
criteria for the protection of aquatic life in saline surface waters (N.J.A.C
7:9B or USEPA AWQC)?

Yes
Select toxicity endpoints and BIC metrics that are correlated with at least
one chemical parameter for multivariate analysis. Construct individual
multivariate models for each effects measure vs. the remaining physical
and chemical parameters.

Are the remaining chemical and physical parameters highly correlated?
Yes

Conduct principal component analysis (with or without varimax rotation)

multivariate analysis.

Z
©

Exclude the porewater chemical from
multivariate analysis.

and use the resulting uncorrelated PCs as explanatory variables in the
multivariate analysis.

Notes:

cc = correlation coefficient

SQT = sediment quality triad

T20 = threshold for 20 percent probability of toxicity from: USEPA. 2005. Predicting toxicity to
amphipods from sediment chemistry. United States Environmental Protection Agency, National
Center for Environmental Assessment, Washington, DC; EPA/600/R04/030.

N.J.A.C. 7:9B = New Jersey Administrative Code 7:9B, Surface Water Quality Standards.
USEPA AWQC = United States Environmental Protection Agency Ambient Water Quality
Criteria, Section 304(a), Clean Water Act.
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